Abstract ITF2357, an orally effective member of the family of histone deacetylase inhibitors, is a potent inducer of apoptosis and death of multiple myeloma (MM) cells.
Introduction
Multiple myeloma (MM) is a B-cell neoplasm that manifests as one or more lytic bone lesions, monoclonal protein in the blood or urine, and disease in the bone marrow (BM) [1] . The malignant plasma cells accumulate in the BM, and MM cells engage in intricate interactions with the BM microenvironment, frequently causing bone destruction, which, in turn, stimulates tumor growth [2] . The tumor itself, its products, and the host response to it result in the multitude of symptoms and organ dysfunction characteristic of MM, including bone pain, renal failure, susceptibility to infections, anemia, and hypercalcemia. Despite many treatment efforts, MM remains incurable.
Histone deacetylase inhibitors (HDACIs) are a novel class of agents that can induce tumor cell growth arrest, differentiation, and/or apoptosis in vitro and inhibit tumor growth in animals [3, 4] . One class of HDACIs is the hydroxamate derivatives family of compounds whose prototype is suberoyl anilide hydroxamic acid (SAHA) [5] , which is being tested clinically in several hematological malignancies and has obtained FDA approval for the treatment of cutaneous T-cell lymphoma [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Our group has recently reported that ITF2357, an orally effective member of the family of hydroxamate-derived HDACIs, is a potent inducer of apoptosis and death of MM cells in vitro [16] . In fact, eight of nine MM cell lines and freshly isolated BM samples from four MM patients underwent significant apoptosis when exposed to ITF2357 with a mean IC50 of about 0.17 μM. ITF2357 targeted clonogenic MM cells, as it totally abolished colony growth of the RPMI8226 MM cell line with a similar IC50. As a comparison, SAHA was also cytotoxic, although at concentrations three to four times higher. ITF2357 was strongly cytotoxic for MM cell lines cultured on mesenchymal stromal cells (MSC), but not for the MSCs themselves. Finally, ITF2357 inhibited by 85-90% the production of IL-6, VGEF, and IFN-γ by MSCs. Based on these observations, we performed a phase-II, multiple-dose clinical trial to determine the maximum tolerated dose (MTD) and to evaluate the anti-tumor activity of ITF2357 in patients with relapsed or progressive MM.
Patients and methods

Patients
Between June 2005 and April 2007, 19 patients with relapsed or progressive MM after at least two previous lines of therapy were enrolled in five Italian hematological centers. Table 1 reports their main clinical and laboratory details. Minimum age for enrolment was 18 years, with no upper age limit. Further eligibility criteria included Eastern Cooperative Oncology Group (ECOG) performance status of 0 to 2, quantifiable monoclonal component in serum or urine, adequate BM reserve (defined as absolute neutrophil count of at least 1,000/mmc, platelet count of at least 75,000/mmc), adequate liver function (defined as total bilirubin within the normal institutional upper limit and transaminase levels within 2.5 times the upper institutional limit), normal renal function (defined as serum creatinine level equal or below 2 mg/dl or creatinine clearance equal or above 60 ml/min), ability to swallow capsules, life expectancy of at least 3 months, and no prior chemotherapy or other investigational drugs within the last 3 weeks. All patients gave their written informed consent. The study was approved by each local institution's Ethical Committee
Study design
The study was a multicenter, open-label, phase-II, nonrandomized, uncontrolled study, whose primary endpoints were (1) to determine the MTD of oral ITF2357 on a twice daily dosing schedule of four consecutive days followed by a 3-day rest every week in a 4-week cycle and (2) to evaluate the anti-tumor activity of ITF2357 in patients with relapsed or progressive MM.
A conventional "3+3" enrolment scheme was utilized, and treatment with oral ITF2357 was started at a dose of 150 mg twice daily. This dose level has been selected based on pharmacokinetic data obtained in previous studies with ITF 2357, both in healthy volunteers and in patients, and on efficacy data from "in vitro" tests. Down escalation was permitted by 50-mg/dose decrements in case of doselimiting toxicity (DLT) during the first cycle. Patients continued on treatment until disease progression, intolerable toxicity, withdrawal of consent, or at the investigator's discretion. In any event, the overall treatment duration did not exceed 12 weeks (i.e., three cycles). Dosing of ITF2357 was held at the occurrence of any of the following events: grade 4 thrombocytopenia, grade 4 neutropenia lasting longer than 5 days despite colony-stimulating factor therapy, neutropenic fever, or grade 3 or 4 non-hematological toxicity. On resolution of the above toxicity signs to grade 1 or baseline, drug administration was restarted, reducing the number of consecutive treatment days from four to three every week, without affecting the total daily dose. If DLT recurred, a second dose modification could be applied, reducing the number of treatment days from three to two every week. Once a patient was dose-reduced, the reduced dose was maintained for the remaining part of the study a The same patient may have suffered from more than one co-morbidity b The two patients with plasmacytoma were excluded treatment. A patient who required more than two dose modifications had to be withdrawn from the study unless the patient derived remarkable clinical benefit from the treatment. Treatment could be delayed up to 2 weeks to allow recovery from drug-induced toxicity. If recovery criteria were not met after 2 weeks delay, the patient was considered to have experienced DLT and was removed from the study unless, in the opinion of the principal investigator, the patient was experiencing a clinical benefit, in which case decisions regarding continuation of treatment were made on an individual basis. Patients with stable or progressive disease after the first cycle of therapy could receive up to 20 mg oral dexamethasone every week of treatment. Bisphosphonate administration was allowed.
Evaluation of patients
The pretreatment evaluation included medical history, physical examination including vital signs, height, weight, and ECOG performance status, ECG, baseline evaluation of symptoms and medications, complete blood counts, tests for renal and liver function, serum and urine protein electrophoresis, quantitative immunoglobulin, quantification of monoclonal component, beta2-microglobulin, and C-reactive protein. A skeletal X-ray survey, chest X-ray, and BM aspirate or biopsy were optional procedures performed at the investigator's discretion. Patients were followed-up on an out-patient basis every week during the first cycle and every 2 weeks during the second and third cycles (unless otherwise required). At each planned visit, a complete blood count was obtained. At the beginning of the second and third cycles and 1 month after the end of treatment, physical examination with vital signs, tests for renal and liver function, serum and urine protein electrophoresis, quantitative immunoglobulin, quantification of monoclonal component, beta2-microglobulin, and Creactive protein were performed.
Assessment of adverse events
All patients, irrespective of the duration of treatment, were included in the evaluation of adverse events. Adverse events were categorized according to their relationship to the study drug (not, possibly, probably, or definitely related) and were graded according to the National Cancer Institute Common Toxicity Criteria v3.0.
Assessment of response
Only patients who completed at least one treatment cycle were assessed for response. Response was evaluated after each cycle and 1 month after the end of treatment. Response criteria were defined essentially according to Bladé et al. [17] .
Results
Clinical characteristics of patients at diagnosis of MM
The main demographic and clinical characteristics of the 19 patients at diagnosis of MM are reported in Table 1 . Their first-line therapy consisted of: local radiotherapy in the two cases of plasmacytoma; autotransplant-based regimens in the setting of the "total therapy I" [18] or the "total therapy II" [19] ; conventional chemotherapy, such as standard oral MP (melphalan and prednisone) for 7 days every 4 to 6 weeks; vincristine, adriamycin, and dexamethasone (VAD); vincristine, cyclophosphamide, melphalan, and prednisone (VMCP); and idarubicin and dexamethasone every 28 days ( Table 2 ). All patients had relapsed or progressed and received at least another line of therapy (up to eight further lines, median three) before enrolment in the study (Table 2) .
Treatment with ITF2357: safety and toxicity
Patients entered the study 2 to 12 years after the initial diagnosis of MM. All of them were in relapse/progression of MM at the time of enrolment. The first 3+3 patients started ITF2357 treatment at a dose of 150 mg twice daily given orally for four consecutive days every week. Since two of them experienced grade 3 gastro-intestinal toxicity (diarrhea) during the first cycle (i.e., a DLT), the subsequent patients received 100 mg twice daily in the same weekly schedule. Only one other DLT (sudden death) occurred during week 2 of treatment (as autopsy was not performed, the cause of death was not ascertained). Thus, 100 mg every 12 h for four consecutive days every week was the MTD. Oral dexamethasone was given up to 20 mg every week to 13 patients. Median duration of treatment was 7 weeks, ranging from two (two patients) to 12 weeks (five patients). Table 3 shows the main ITF2357-related adverse events. The most common was thrombocytopenia, which occurred in all but one patient. Neutropenia occurred in nine patients: none of them required granulocyte colony-stimulating factor. Gastro-intestinal toxicity (diarrhea) occurred in four cases. It was accompanied by nausea and vomiting in one patient and anorexia in another one. Five patients developed mild blood hypertension, which did not require specific treatment. Two months after the end of treatment, one patient developed atrial fibrillation, which required therapy. Three other patients had transient electrocardiographic abnormalities (i.e., grades 1-2 heart-rate corrected QT interval prolongation), which did not require any treatment. We did not record neurological toxicity, apart from mild tremors of upper extremities in one patient. Four patients were hospitalized for serious adverse events: pneumonia (neutrophil count at the time of event: 860/mmc), severe deterioration of general conditions, cerebral ischemia with leg deep vein thrombosis (platelet count at the time of events: 64,000/mmc), pneumonia, and severe deterioration of general conditions (neutrophil count at the time of event: 930/mmc). This last patient finally succumbed to progressive MM during week 7 of treatment. Two more patients died from progression of MM at weeks 5 and 10 of treatment, respectively.
Clinical outcome
Of the15 patients who completed at least one treatment cycle, six had stable disease (SD) as best response, because their MM did not further progress after 12 weeks (three patients) and 5 weeks (three patients) of treatment. All but one of them were also receiving dexamethasone. Of the latter three patients, two withdrew the consent to continue the study, and the other one was hospitalized for thromboembolic complications. MM progressed in spite of ITF2357 treatment in eight patients. Three of them were also taking dexamethasone. One patient died at week 7 of ITF2357 and dexamethasone treatment.
At last follow-up, of the 19 patients enrolled in the study, five remained in SD, another five were alive with progressive MM under other forms of treatment, and the remaining nine patients had died.
Discussion
The evidence that HDACIs may be useful in the treatment of MM has increased over the last decade. Phase I-II clinical trials are underway or have been recently performed with SAHA in patients with advanced hematological malignancies, including MM [6] [7] [8] [9] [10] [11] [12] [13] . Overall, these studies showed that SAHA was tolerable, although its toxicity profile was not negligible. Fatigue, dispepsia, diarrhea, dehydration, and thrombocytopenia were the most common adverse events. These effects, particularly those affecting the gastro-intestinal system, were more common when SAHA was given orally than intravenously. Grade 3-4 gastrointestinal toxicity was also more common in patients with hematological malignancies than in those with solid tumors. Not unexpectedly, patients treated with SAHA for hematological malignancies experienced more grade 3-4 hematological toxicity than patients with solid tumors [6, 14] . Thrombocytopenia occurring with SAHA was associated with the presence of hypolobular megakaryocytes, and not with an absolute reduction in the number of megakaryocytes [7] . This may raise the possibility that SAHA impairs megakaryocyte differentiation. In most cases, thrombocytopenia recovered within 3 to 7 days after drug discontinuation.
Our study in a group of heavily pretreated MM patients showed that the toxicity profile of ITF2357 was remarkably similar to that of SAHA. Thrombocytopenia was the most common hematological toxicity, which was surely attributable to the study drug because platelet count usually recovered after discontinuing ITF2357. Grade 3 neutropenia occurred in four patients: two of them developed pneumonia, which recovered without need of granulocytecolony stimulating factor administration. The major nonhematological toxicity affected the gastro-intestinal system. Grade 3-4 diarrhea required the down-scaling of the daily dose of ITF2357 from 150 to 100 mg twice daily. Following this dose reduction, the patients experienced occasional and much milder gastro-intestinal symptoms. ITF2357 administration was also associated with some cardiovascular toxicity. This was mainly represented by mild blood hypertension (grades 1-2) and ECG abnormalities, which did not require specific treatment. Quite likely, they were related to ITF2357 because they developed after a few weeks of treatment and resolved after drug discontinuation. Similar cardiac abnormalities have also been reported for other HADACIs [20, 21] . Only one patient needed anti-arrhythmic therapy for atrial fibrillation, which developed 2 months after the end of ITF2357 treatment. It is, therefore, doubtful that such an event was related to the study drug.
With respect to clinical outcome, ITF2357 and SAHA showed, again, similar efficacy profiles in patients with advanced MM. In a phase-I trial with single-agent SAHA, one out of 13 patients showed a minimal response and nine had SD [11] . ITF2357 stabilized MM in six patients, with a durable effect in three of them. However, most patients progressed in spite of ITF2357 and required further treatments. The addition of dexamethasone did not improve its efficacy.
In conclusion, ITF2357 had an acceptable safety profile and was, in general, well tolerated. At the MTD of 100 mg twice daily for four consecutive days every week, ITF2357, alone or in combination with dexamethasone, is unlikely to play a significant therapeutic activity in advanced MM. Thus, similar to what is already ongoing for other HDACIs [12] , further clinical investigation of ITF2357 in combination with other drugs commonly used in the treatment of advanced MM, such as thalidomide, bortezomib, lenalidomide, or melphalan is warranted.
